for C3 and C4 plants are -23 to -34 0/oo; and -10 to -18 0/oo, respectively (3) .
In the context of these studies the facultative nature of the light versus dark CO2 assimilation exhibited by CAM plants is worthy of additional investigation. Laboratory studies have shown the carbon isotope ratio of a single species of CAM plant undergoes an actual shift in value in response to controlled growth conditions (1, 3, 9, 12, 15) . Field studies with succulent plants suspected of being CAM have shown a relationship between environmental conditions and carbon isotope ratio (10, 11, 14, 16 Titratable Acidity. Tissue acidity was determined by titration of aqueous extracts of plant material. Three g fresh weight of tissue were homogenized in 100 ml of H20 by high speed blending for 3 min. All samples were titrated to pH 7 with NaOH. Plant material was collected at different times of the day and stored under dry ice until being processed in the laboratory.
Photosynthesis. Carbon dioxide-'4C uptake was measured SZAREK AND TROUGHTON with a portable porometric system as previously described (17 Environmental Conditions. The four study sites can be distinguished by significant differences in environmental conditions (Table I) . A climatic gradient occurs along the elevational gradient, with a continuous transition in temperature regime and soil water status from site 1 to site 4. The lowest elevation site is characterized by hot summers and mild winters, with only 12 days/year with nighttime minimum temperatures below 0 C. The annual mean precipitation is low, and contributes to year round arid conditions. Soil is low throughout most of the year, and minima values were often below the detection level of the soil hygrometer probes. The highest elevation site is characterized by mild summers and severe winters, with 176 days/year with nighttime minimum temperatures below 0 C. The annual mean precipitation is 3-fold greater than precipitation at site 1, and coupled with the lower temperature regime, the soil 4, was high throughout the year. The annual mean soil 4, was nearly an order of magnitude higher than the soil 4, at site 1, and minimum values were not below -16 bars.
Plant Water Potentials. The plant 4, of 0. phaeacantha at the four study sites parallels the gradient of soil 4,, although the difference between sites is not as marked (Table II) Photosynthesis. The diurnal pattern of gas exchange was similar for all plants at the different study sites throughout the course of the year. The typical patterns of stomatal conductance and photosynthesis are presented in Figure 1 . The data represent the maximum observed daytime period of gas exchange for 0. phaeacantha, since during most sampling periods the only period of gas exchange occurred during the initial hours of daylight. The first period of photosynthetic assimilation of "4CO2 occurs following dawn when maximum stomatal conductances were recorded. The rate of photosynthesis decreases rapidly in the 1st hr, and falls to zero before stomata close. Throughout most of the day photosynthesis is restricted due to stomatal closure. The Carbon Isotope Ratios. The pattern of the seasonal variation in carbon isotope ratios for 0. phaeacantha is presented in Figure 2 . These results are similar to the seasonal patterns of the carbon isotope ratios for Y. baccata at each elevation (data not shown). Leaf and stem material was collected monthly from one plant at each site, and all monthly samples were taken from the same plant. Since tissue age influences the carbon isotope ratio (8) only young material was collected in order to standardize age effects.
The carbon isotope ratios for 0. phaeacantha do not shift significantly throughout the course of the year (Fig. 2) . At Previous seasonal studies with a CAM plant growing in situ have documented the regulation of metabolic activity due to plant qi (17) . Despite significant differences between sites in temperature regime and soil qp, plants of 0. phaeacantha and Y. baccata maintain similar plant ip values. The annual mean values were moderate in both species and neither experiences severe plant water stress at any of the sites. The maintenance of similar plant qP may be due to different levels of tissue matric and osmotic potentials at the study sites. Nevertheless, the similarity in plant 1, effects a similarity in photosynthetic gas exchange at each site.
The daytime gas exchange pattern of 0. phaeacantha is typical of CAM plants growing in situ (2, 18) , and corresponds to the full CAM pattern of gas exchange recently described by Neales (13) . Water stress affects daytime gas exchange by reducing stomatal conductance throughout most of the day. The potential period for light CO2 assimilation is only a few hours of the day under the most optimal environmental conditions. The domi- (11, 14) , which is probably effected by differences in age of tissue (8) .
The (10, 13) . With the exception of the CAM plant Guzmania monostachia (10) all succulent species which show a predominance of nocturnal CO2 assimilation have o-t3C values within the narrow range of C4-like metabolism. Nevertheless, an induction of different photosynthetic pathways within a single species of CAM plant may occur in habitats with greater seasonal fluctuations in plant tl. A CAM plant growing in a coastal environment has already been shown to rely mainly upon daytime gas exchange during periods of optimum plant moisture (2) .
In laboratory studies with CAM plants maintained with an adequate water supply, light versus dark CO2 assimilation may be induced by growth conditions. The photosynthetic metabolism can be shifted from CAM to C3 metabolism (1, 3) , with a mean shift in the total tissue o-t3C value ranging from 3 to 4 0/oo (our calculation from original data). Additionally, the photosynthetic metabolism can be shifted from C3 to CAM metabolism (9, 15) with a mean shift in the total tissue o-13C value ranging from 6 to 8 0/oo (our calculation from original data). The effect of droughting increases the magnitude of the shift in the total tissue TROUGHTON Plant Physiol. Vol. 58, 1976 o-'3C value, and overrides the effects of thermoperiodic (1) and photoperiodic growth conditions (12) . By depriving the plants of daily watering a reliance on nocturnal CO2 assimilation was induced, although the levels of plant and soil tj were not reported in these studies. These latter results appear to be in agreement with those of our study.
